Investments in research and development (R&D) have been identified as a major engine of growth by recent endogenous models so many studies have investigated the determinant and intensity. The benefit of acquiring R&D spillovers is that spillovers lead to improved efficiency of existing factors of production. Since International technology spillover is a major source of technological progress for both developed and less developed countries, it has been emphasized. This study analyses the effective factors in investment with emphasize on R&D spillovers across OECD countries in 2008. Following a traditional regression analysis, spatial variations in the relationships are examined with geographically weighted regression (GWR) to obtain locally different parameter estimates. The obtained results show the positive and negative domain effects of R&D spillovers, openness trade, and GDP growth on domestic R&D investment but the effect of R&D expenditures funded by government is negative. The analysis also confirms spatial variation of R&D expenditures financed by government.
INTRODUCTION
Technological progress plays a central role in the modern economy. It has an important role in determining economic growth and the national and international competitiveness of firms. Research and Development (R&D) is widely recognized as the linchpin of technological advance and a reliable indicator of innovative capacity.
R&D investment is one of the most essential elements in advancing knowledge, increasing productivity, and promoting economic growth. Any country that invests sufficient resources in R&D activities and engages in R&D efficiently has the potential to achieve a desired growth.
In fact, the post-war growth, it is argued, was largely based on capital accumulation, while what is needed now for countries is to shift towards the growth based on Research and Development (R&D) investments and innovation, which have a great influence on firms and countries to increase their competitive advantage (Porter,1990) . This paper empirically investigates the determinants of R&D investment at the national level with an emphasis on R&D spillovers. For this, by using geographically weighted regression (GWR), we examined four major hypotheses regarding R&D spillovers, openness trade, economic growth and government R&D expenditures. The *Corresponding author. E-mail: srasekhi@umz.ac.ir. Tel: +981125342562. Fax: +981125342502.
robustness and sensitivity of the effects of openness trade, GDP growth rate and government R&D expenditures on R&D investment are examined using data from 30 OECD countries in the year 2008. It is mentionable that there are several studies on factors affecting R&D investment but few researches have examined the role of spillover R&D in shaping the domestic R&D especially in regional level.
The remainder of the paper is organized as follows: brief theoretical background about R&D determinant and reviews of relevant literature on the topic are discussed. The next section is devoted to empirical studies. Followed by methodology. The empirical results obtained are therefore presented. The last section provides research conclusions.
THEORETICAL BACKGROUND
The recent rise of endogenous growth theory, starting with Romer (1986 Romer ( , 1990 , Lucas (1988) , Grossman and Helpman (1991) has stressed the importance of knowledge as an endogenous determinant of growth. Also, the channels of international technology transfer and their importance for growth have been studied extensively in the 1990s. The transfer of knowledge across countries is crucial in shaping the diffusion of new technologies and in spreading basic scientific developments that gradually foster technological innovation in places different from where they were originally conceived. Furthermore, the knowledge output of the R&D sector depends on the international technology spillovers. Some previous studies have empirically analyzed the complementarities between international R&D outsourcing and internal R&D 1 . But these studies have less paid attention to the role of international knowledge flows in the process of knowledge production and accumulation. There are three principal channels of international R&D spillovers. The first channel is a direct transfer of technology via international licensing agreements (Eatom and Kortum, 1996) , through recently these provide less important source as the latest and most valuable technologies are not available on license. The second one is foreign direct investment (FDI) that provides probably the most important and cheapest channel of direct technology transfer as well as indirect, intra-industry knowledge spillover to developing countries (Blomstrom and Kokko, 1997) . The third channel of technology transfer is through international trade, in particular imports of intermediate products and capital equipment (Markusen, 1989; Grossman and Helpman, 1991; Feenstro et al., 1992) . However, technology spillover effects are limited by domestic technology absorptive capability. In other words, the country may not have the capacity to absorb the flow of ideas and research results coming from other countries. Furthermore, absorptive ability is considered as the critical capability to absorb external knowledge sources embodied in FDI and imports. But, knowledge from international spillovers may crowd out domestic R&D efforts. Also, free-riding incentives may induce some countries to reduce their own expenditures in research and development. Borensztein et al. (1998) first confirmed the importance of the host country's absorptive capability, measured by human capital accumulation in the host country, in absorbing the spillovers of foreign firms' technology.
Apart from the host country's human capital investment, its degree of openness is also another key variable of absorptive capability. The effects of openness on technology absorption can be classified into two types. The first is the "pull effect." As pointed out by Grossman and Helpman (1991) , the higher a country's degree of openness, the more chances it will have of imitating and learning from the outside. The other is the "push effect," where competitive pressure from foreign firms pushes the indigenous firms to increase their R&D expenditures and adapt themselves to the intense competition in the international market (Holmes and Schmitz, 2001 ). Some researchers have found empirical support for the positive effects of openness on technology spillovers, such as Boer et al. (1002) .
Not only openness trade is the effective factor in capability absorbing for R&D spillover and promotes knowledge flows and technology transmission between trading partners, but also it affects domestic R&D directly by export and import competition. Export allows firms to produce on a large scale and thereby exploit increasing returns to scale, made possible by fixed investments like R&D. Hughes (1986) argues that export can have a positive effect on innovation effort because elasticity of foreign demand with respect to R&D is likely to be greater than that of the domestic demand. Several reasons can be extended to support this point. For instance, since export market usually consists of several segmented markets and each sub-market varies from others in terms of consumers' preferences, entry barriers and elasticity, the likelihood that R&D will increase demand in some of these markets is higher than that in the domestic market. Secondly, if R&D is leading to product differentiation or the development of a new product, likely to be preferred by a small group of consumers, then export enables the firm to realize economies of scale in the production of this differentiated commodity. In this case, export possibilities allow the firm to make required R&D vestment.
International trade also has technology externalities through learning-by-exporting or imitating technologies embodied in the imported intermediate goods. Also, FDI has a positive spillover effect on a host country's economic growth. One of the benefits from FDI is that new technology is brought in by foreign firms. Technology transfer occurs through two channels--new technologies sold directly through licensing agreements or the transfer of new technology to exporters from their foreign purchasers. The argument that FDI and international trade serve as a major driving forces contributing positively to China's faster growth during the late-1980s to mid-1990s has been well recognized in some empirical studies (Chen et al., 1995; Harrold, 1995; Liu et al., 2002; Pomfret, 1997; Shan, 2002) .
There are some theoretical arguments supporting the move to more openness trade, but there are also equally some theoretical arguments for protecting some industries from international competition; making the issue an important candidate for empirical analysis (Hallak and Levinsohn, 2003) . Many papers show that innovation declines with competition (Arrow, 1962; Gilbert and Newbury, 1982; Grossman and Helpman, 1991; Aghion and Howitt, 1992) . This is not consistent with those paper mentioned above and the other empirical papers (Nickell, 1996; Blundell et al., 1999) . The reduction in trade barriers has two countervailing effects on the profitability of firms. First, the reduction in barriers gives opportunities to the firms to export their products and earn additional profits. Second, there is a possibility that tougher competition diminishes incentives to engage in R&D because residual demands that firms face shrink and then marginal gains of efforts decrease. If the former is more significant than the latter, the efficiencies of firms improve by the reduction in trade barriers. According to Matsushima et al. (2008) the innovation costs and the fixed trade costs play important roles: If a firm decides to engage its R&D activity, it has to incur a fixed innovation cost while If the R&D investment of a firm achieves success, the firm exports its products to foreign markets and has to incur per market fixed trade cost. Their values influence impact of trade on innovation incentives of firms. If the innovation cost is large or the fixed trade cost is small, openness of trade enhances the innovation incentives of firms while if the innovation cost is small and the fixed trade cost is large, openness of trade diminishes the innovation incentives of firms.
The other affecting factor on R&D is income level. There are several arguments to explain why higher income leads to higher R&D investment. First, according to the acceleration principle of investment, rising GDP implies that businesses in general see rising profits, increased sales and cash flow, and greater use of existing capacity. A large proportion of total R&D is conducted by private firms, which presumably engage in R&D in order to improve profitability. Under this principle R&D capital depends on output, so the variation in R&D investment depends on GDP growth rates (Schmookler, 1966) . Second, in the model of R&D-driven growth, the incentives to invest in R&D are also tied to the size of the economy. Larger markets imply stronger incentives to conduct R&D, which in turn lead to faster growth (Romer, 1994) . Finally, as consumers grow richer, they tend to allocate a larger share of their income towards differentiated products, which are more R&D-intensive (Markusen, 1986) . It is expected that the elasticity of R&D per capita with respect to GDP per capita should be high (Braconier, 2000; Furman et al., 2002) . Most of the empirical studies regarding national R&D and innovation considered real GDP per capita as a decision variable (Teitel, 1994; Ginarte and Park, 1997; Hu and Mathews, 2005) .
There are a large range of policy instruments that could affect the share of GDP that is invested in R&D. Indirect policies such as competition policy and regulation may be important. Direct policies include direct funding of R&D, investment in human capital formation, extending patents protection and tax credits for R&D. Guellec and Pottelsberghe (1997) have found a contrary time pattern for the effects of tax credits and direct subsidies in a multi-country study. Their results show the tax credits have a significant effect on expenditure in the short-run, but not the long-run. Griffith et al. (2000) have provided econometric evidence that R&D expenditure plays a role in assimilating the research discoveries of others as well as its conventional role as a source of innovation. Based on this research, the size of the spillovers depends on one's own R&D activity.
EMPIRICAL STUDIES
Pottelsberghe and Lichtenberg (2001) have confirmed econometrically whether foreign direct investment (FDI) transfers technology across borders. Also, their results indicate that the ratio of foreign-R&D benefits conveyed by outward FDI to foreign-R&D benefits conveyed by imports is higher for large countries than it is for small ones. Furthermore, failure to account for international R&D spillovers leads to upwardly biased estimates of the output elasticity of the domestic R&D capital stock. Ziets and Fayissa (2002) by using Panel data on 360 U.S. manufacturing firms over the years 1975 to 1987 have identified the response of R&D spending to exchange rate changes. Their results show only firms in industries with average R&D spending of at least 3 percent of sales revenue react to an exchange rate appreciation with increased R&D spending and firms in industries with lower levels of R&D intensity do not. Their finding can be interpreted to mean that only R&D intensive firms react to an increase in competitive pressure with more R&D effort. Griffth and Reenen (2002) examine the impact of fiscal incentives on the level of R&D investment. An econometric model of R&D investment is estimated using a new panel of data on tax changes and R&D spending in nine OECD countries over a 19-year period (1979-1997) . They find evidence that tax incentives are effective in increasing R&D intensity. They estimate that a 10% fall in the cost of R&D stimulates just over a 1% rise in the level of R&D in the short-run, and just under a 10% rise in R&D in the long-run. Neso et al. (2004) have argued that trade promotes knowledge flows and technology transmission between trading partners. This research focuses on 'direct' research and development spillovers which are related to the levels of R&D produced by the trading partners. They argued that 'indirect' trade-related R&D spillovers also take place between countries, even if they do not trade with each other. These 'indirect' spillovers are associated with available rather than with produced levels of R&D. Their empirical results suggest that these 'indirect' traderelated spillovers are at least as important as the 'direct' ones, and strengthen the view that trade does matter for the international transmission of R&D. They have also suggested that, due to the existence of these 'indirect' effects, bilateral trade patterns are relatively less important determinants of the level of foreign R&D spillovers acquired through trade. Lai et al. (2006) have established an endogenous growth model with knowledge-driven R&D to investigate the relationship between international technology spillovers, the host country's absorptive capability and endogenous economic growth. Their solution to the competitive equilibrium problem shows that long-run growth arises from improvements in absorptive capability and higher human capital stocks, while the relationships between openness, the technology gap and the steadystate growth rate are uncertain. Econometric estimates of China's economic growth are obtained using province level data covering the period 1996-2002. The estimates indicate that technology spillovers depend on the host country's human capital investment and degree of openness, and that FDI is a more significant spillover channel than imports. Matsushima et al. (2008) have constructed a model in which international trade influences on R&D activities of firms. They have shown that trade openness influences on the R&D activities of firms, if innovation costs and fixed trade costs are intermediate values. If the fixed trade costs are relatively high and the innovation cost is relatively low, trade openness diminishes the R&D activities of firms. Meanwhile relations between several exogenous parameters and the effect of trade openness are discussed. Bosetti et al. (2008) have explored how international knowledge flows affect the dynamics of the domestic R&D sector and the main economic and environmental variables. The analysis is performed using a dynamic regional model of the world economy, in which energyrelated technological change is endogenous. The focus is on disembodied energy R&D international spillovers. Their analysis shows that international knowledge spillovers tend to increase free-riding incentives and decrease the investments in energy R&D. The strongest cuts in energy R&D investments are recorded among high income countries, where international knowledge flows crowd out domestic R&D efforts. The overall Rasekhi et al. 3215 domestic pool of knowledge, and thus total net GHG 1 stabilization costs, remain largely unaffected. Based on this study, International spillovers, however, are also an important policy channel. Huang and Yang (2009) have investigated the effect of tax incentives on R&D activities in Taiwanese manufacturing firms. Specifically, they have assessed the potential R&D -enhancing effect on recipients of R&D tax credits compared with their non-recipient counterparts. Moreover, they have examined the potential difference in the R&D -enhancing effect between high-tech and nonhigh-tech firms. Various estimates based on the entire sample and high-tech-firms were quite similar and there was a significantly R&D -enhancing effect of R&D tax credits.
This result suggests that the R&D preferential policy has induced more R&D expenditure by the firms.
Wang (2010) has investigated the determinants of R&D investment at the national level with an emphasis on the roles of patent rights protection, international technology transfer through trade and FDI, and economic growth, in addition to the essentials of human capital accumulation and the number of scientific researchers. The results of the EBA tests on data from 26 OECD countries from 1996 to 2006 showed that tertiary education and the proportion of scientific researchers in a country were robust determinants that had positive effects on R&D intensity. Foreign technology inflows had a robust and negative impact on domestic R&D. Patent rights protection and the income growth rate are fragile determinants of R&D investment.
METHODOLOGY
GWR extends the traditional regression framework by allowing local rather than global parameters to be estimated, so that the classical regression model is rewritten as where i = 1, . . . , p represents the row of the matrix (2), X is the matrix of explanatory variables, y is the dependent variable and W(i) is an n by n spatial weighting matrix of the form (4) The estimator in (3) is a least square estimator but the weighting matrix is not constant, hence has to be computed for each point i and the indicate the proximity of each data point to the location of data points closer to i carrying more weight in the estimation of the parameters then those farther away.
We can note, however, that equation (3) can be estimated at any point, even at location where no data have been observed.
The choice of the weighting scheme is a relevant step in GWR procedure. Several different weighting functions can be defined, the more common kernels being the Gaussian and the bisquare weighting functions. For a comprehensive overview about kernel functions in GWR analysis see Fotheringham et al. (2002) . A modified bi-square function taking into account only the nearest neighbors is = Where, b is the distance to the nearest neighbour.
This kernel function varies in space and presents an adaptive bandwidth depending on the data point density. Consequently the calibration of the model involves also the choice of N, the number of data point to be included in the estimation of local parameters. The appropriate bandwidth, or the appropriate value of N, can be obtained by a least square approach using the cross-validation criteria CV= Where, is the fitted value of with the observations for point I omitted from the calibration process. Now, we use a geographically weighted regression analysis to examine how R&D intensity is influenced by openness trade, R&D spillover, economic growth and government R&D expenditures. Specifically, by using GWR approach, we estimate models in which R&D intensity at country i in year 2008 Based on the literature, the cross-border channels of transmission of embodied R&D spillovers are international trade and foreign direct investment/multinational companies (MNCs), while the disembodied channel is represented by the transmission of knowledge and ideas (e.g. international conferences, scientific journals, and patents). Much of the literature on international trade as a transmission channel focuses on very specific aspects of trade and productivity relationships, such as measuring the volume of trade (Coe and Helpman, 1995) , capital vs. non-capital goods trade (Xu and Wang, 1999) , the importance of relative country sizes (Eaton and Kortum, 1999) and nations' geographic distance relative to one another (Harhoff, 2000; Branstetter, 2000) . The importance of imports as a conduit for R&D spillovers has received positive attention recently. Blalock and Veloso (2004) provided a relatively rare micro-level study which assesses imports as integral for international technology transfer. On the other hand, learning by exporting does not appear to be an important spillover channel (Keller, 2004) .
OPEN measures the role of international trade. Since it is impossible for us to measure the degree of openness for each province by such indicators as trade barriers and black market premiums, the usual method is used here to construct the degree of openness for each country:
Where, Trade and GDP are trade volumes and real GDP respectively. Also, measures the technology spillover effect of foreign R&D input through two channels, imports and foreign direct investment (FDI). Based on Coe and Helpman (1995) , two methods of constructing are given here, which construct the weighted foreign R&D input ( ) as FDI and import shares of each country are respectively chosen as the weights
(1) FDI as the technology spillover channel: = (2) Import as the technology spillover channel: = FDI may be also the cheapest way of transferring technology and it tends to transfer newer technology more quickly than licensing agreement and international trade (Mansfield and Romeo, 1980 
EMPIRICAL RESULTS
We compared the results of GWR method as the representative of spatial econometric models with those of ordinary least squares (OLS) method as the representative of traditional econometrics model. Table 1 shows regression results from OLS regression. The coefficients estimation related to openness trade, R&D expenditures by government, R&D spillover are -.001, -0.103, 0.171 and 0.138 respectively. It is mentionable that the regional difference cannot be recognized in this method. Based on ANOVA test in Table 2 , GWR method has an advantage over OLS one.
In Table 3 a comparison between Geographic Weighted Regression and global regression is done. Regarding the obtained results, the determinant coefficients are 0.54 and 0.78 respectively. Also, the overall explanatory power for methods of OLS and GWR are 0.44 and 0.64 respectively, so we select GWR method to estimate the model instead of OLS. Table 4 presents estimation results of GWR. Based on this table, the main explanation for R&D intensity is openness trade, which changes in domain of (-0.003, 0.014) . This variable has both positive and negative effects on R&D investment because trade can affect R&D investment through 3 channels, which are Import competition, Export and Technology import. Exports encourage investment in innovation, while R&D promoting effect of capital goods and disembodied technology import is not widespread. The impact of import competition, the study shows, depends on domestic market structure. It promotes investment in R&D only when domestic market is highly concentrated otherwise it has negative effect (Parameswaran, 2010) .
According to results the effect of openness trade is positive for Australia, Canada, Italy, Japan, Korea, Portugal, Spain, Turkey, us and negative for Austria, Belgium ,Czech Republic, Denmark, Estonia, Finland, France, Germany, Hungary, Iceland, Ireland, Luxembourg, Netherlands, Norway, Poland, Slovak, Slovenia, Sweden, Switzerland ,UK. Also, the effect of R&D expenditures by government is negative.
1 Furthermore, the estimated coefficient for GDP growth varies between -.044and .343. While R&D activity promotes GDP growth, GDP growth could also induce stronger incentives for R&D investment and which is why the effect of GDP growth on R&D investment is positive for all countries instead of Slovenia 2 . R&D spillover has a positive effect in Austria, Belgium, Canada, Czech Republic, France, Hungry, Italy, Japan, Korea, Luxembourg Poland, Portugal, Slovak, Slovenia, Spain Switzerland, Turkey, US and a negative effect in others. On one hand, by bringing new techniques and capital goods, FDI may create positive externalities exploitable by other domestic firms. But on the other hand, firms receiving FDI are likely to compete with domestic producers with lower technological capabilities that may be driven out of business, which is why the R&D spillover effects in some countries is positive and in others is negative.
Based on Mont Carlo test in Table 5 , spatial variations are significant at 1% level only for R&D expenditures funded by government. In other words, GWR is an appropriate method for estimating the models. Regarding the obtained results from GWR method, we can show the proportion of R&D expenditures funded by government, which has spatial variation on the geographic map by GIS software. Figure 1 shows distribution of estimated coefficients of R&D expenditures financed by government on basis of geographic region. Based on the results, the range of the coefficients is (-.160001, -.095515) for Australia, Canada, Estonia, Japan, Korea, 
Conclusion
In this paper we have examined the main determinant of domestic R&D investment especially R&D spillover by using a GWR approach for 30 OECD countries in year 2008. Based on this research, one of the most important factors affecting R&D intensity is openness trade. Also, overall GDP growth has positive effect on R&D investment, which means that R&D effort results in a wider variety of products and higher product quality; it raises productivity, increases value-added, and further increases GDP growth. The effect of R&D expenditures funded by government is negative; it would be possible to make argument that this is due to the crowding out effect of public sector which means that R&D expenditures funded by government pushes out R&D expenditures funded by private sector by producing disincentive effects while privet R&D is more productive than public R&D. Finally, R&D spillovers through the FDI have an ambiguous a priori impact on R&D expenditures.
